The microwave-induced synthesis of some quinoline alkaloids of the type 4-methoxy-1-methyl-2-quinolinone including folimine is reported. The precursors 4-hydroxy-2-quinolinone derivatives were effectively prepared in a single step from aniline and diethylmalonate using ptoluenesulfonic acid as a catalyst and these intermediates were converted to the titled quinoline alkaloids by treatment with dimethyl sulfate, N,N-dimethylformamide and potassium carbonate. The presented synthentic procedure is a convenient, simple and fast alternative for synthesizing 4-methoxy-1-methyl-2-quinolinone and its derivatives.
Introduction
The root stock of quinoline alkaloids is specific to the plant family Rutaceae embodying about hundred and fifty genera with sixteen hundred species. The presence of quinoline nucleus in the framework of various pharmacologically active compounds with antiasthmatic, 1 antibacterial, 2 antifungal, 3 antimalarial, 4 anti-viral, 5 anti-inflammatory 6 activities continue to promote their synthetic efforts. Among the quinolines, some facile precursors are available which could be transformed into desired quinoline alkaloids using various reactions. [7] [8] [9] For instance, 4-hydroxy-2-quinolinone is an important biosynthetic 7 and synthetic 8, 9 precursor of quinoline alkaloids.
Methylated compounds of this type like 4-methoxy-1-methyl-2-quinolinone (1), folimine (2), 4,6-dimethoxy-1-methyl-2-quinolinone and 4,7,8-trimethoxy-1-methyl-2-quinolinone (Scheme 1) are widely distributed in nature. [10] [11] [12] [13] Though these alkaloids are natural products, they are also used as synthetic intermediates for the preparation of other quinoline alkaloids 14 
Scheme 1
The classical synthetic protocols for the above quinoline intermediates and natural products suffer from some disadvantages such as low yield, 15 lack of easy availability/ preparation of the reagent, [16] [17] [18] prolonged reaction time, multiple steps, requirement of excess of reagents/catalysts, need for special apparatus and harsh reaction conditions. 16, 17 In this connection and by knowing the advantages of microwave reactions, [19] [20] [21] we felt that the synthesis of the above intermediates and quinoline alkaloids using microwave irradiation in an unaltered domestic microwave oven would make the task much easier than the thermal synthesis. Hence we wish to report a convenient and efficient synthesis of 4-hydroxy-2-quinolinone and 4-methoxy-1-methyl-2-quinolinone derivatives under microwave irradiation.
Results and Discussion
In an initial study, a mixture of aniline and diethylmalonate (2:1 molar ratio) was taken in a beaker (without adding any support, i.e., neat conditions), and irradiated under microwaves. This type of reaction is expected to be the most economical method since neither catalyst nor solvent is used. We failed to obtain 4-hydroxy-2-quinolinone (5a); but the N,N'-diphenyl malonamide (6a) was formed in 20 min (90% yield) (Scheme 2). This result agreed with the report given by Lange et al 22 in their synthesis of 3-phenyl substituted 4-hydroxy-2-quinolinones. By contrast, in the presence of a catalytic amount of p-toluenesulfonic acid, the quinolinone 5a was isolated in 89% yield in 6 min under the same reaction conditions (Scheme 2). IR spectrum of 5a exhibited the absorption bands at 1660, 1606 cm -1 ascribable to carbonyl groups and a broad NH absorption in the region 3400-2900 cm -1 . The 1 H-NMR spectrum represented a singlet at δ 5.80
for the C 3 -proton, a multiplet in the region δ 7.05-7.65 for aromatic protons and a doublet at δ 7.70 for C 5 -proton. The singlet at δ 10.35 is accounted for NH proton and a broad singlet at δ 10.55 is due to the -OH group. Different solid supports, including silica gel, acidic alumina and montmorillonite (K 10 clay) were also checked to define the most effective catalyst (Table 1) . From these results, it is obvious that p-toluenesulfonic acid is the most adaptable and simplest catalyst for the synthesis of 5a, as work-up is simply reduced to treatment with ice-cold water. Thus, we have extended these conditions to the synthesis of various 4-hydroxy-2-quinolinones (5a-g) with high yields (Scheme 3; Table 2 ). It was also attempted to convert N,N'-diphenyl malonamide (6a) to 4-hydroxy-2-quinolinone (5a) by microwave irradiation, in which the reaction was (Scheme 2) completed with in 3 min, in presence of the catalyst p-toluenesulfonic acid. Reaction of 4-hydroxy-8-methyl-2-quinolinone (5f) with dimethyl sulfate, N,Ndimethylformamide and potassium carbonate under microwave irradiation afforded methylated quinolinone 8 in 70% yeild in 3 min (Scheme 4). The formation of 1,8-dimethyl-4-methoxy-2-quinolinone (8) is supported by the observation of peak in the expected chemical shifts of -OCH 3 and N-CH 3 protons as singlets at δ 3.99 and 3.81 respectively in the 1 H-NMR spectrum.
Similar reaction of 5e and 5g with the same reagents yielded 4,6,8-trimethoxy-1-methyl-2-quinolinone (7) and 1,6-dimethyl-4-methoxy-2-quinolinone (9) in good yield. The synthesis of natural products demonstrates an interesting application of this synthetic methodology. Treatment of 4-hydroxy-2-quinolinone (5a) with N,N-dimethylformamide, dimethyl sulfate and potassium carbonate gave 4-methoxy-1-methyl-2-quinolinone (1) in 66% yield in 3 min. Similarly, treatment of 5b-d with the above reagents afforded the natural products 2, 3, and 4 in good yield. The spectroscopic properties of our synthetic materials 1 to 4 agreed well with those reported in the literature. [10] [11] [12] [13] In addition to its simple reaction conditions, this procedure has the advantage of very short reaction times, easy experimental and work-up procedures. 
Conclusions
In conclusion, we have demonstrated an efficient, mild method for the synthesis of 4-hydroxy-2-quinolinones and in parallel, we have also developed an easy and fast synthetic methodology for naturally occurring 4-methoxy-1-methyl-2-quinolinone derivatives. NMR spectra were recorded on AMX-400 (400MHz) spectrophotometer, using TMS as an internal reference, and Mass spectra were recorded at 70eV on a Joel JMS-D-300 instrument. The reactions were carried out in a domestic microwave oven (KENSTAR -OM-20ESP, 2450 MHz).
General procedure for the synthesis of 4-hydroxy-2-quinolinones (5a-g).
Respective aniline (10 mmol), diethyl malonate (5 mmol) and p-toluenesulfonic acid (120mg) were taken in a 50 ml beaker and properly mixed with the help of a glass rod. The so-obtained paste was irradiated in a microwave oven at the power of 320 W for the specified time ( Table 2) . After irradiation, cold water was added to the reaction mixture. The solid obtained was filtered, washed with water, dried and recrystallised (Ethanol-Acetic acid) to afford the desired product in good yield. 4-methoxy-1-methyl-2-quinolinones (3a-g) . Respective 4-hydroxy-2-quinolinone (1 mmol) was taken in 100 ml conical flask and to this, dimethyl sulfate (2 mmol), potassium carbonate (0.8 g) and N, N-dimethyl formamide (5 ml) were added, mixed well and irradiated for the specified time ( Table 3 ). The reaction was monitored for every 30 seconds by the tlc. After irradiation, the reaction mixture was poured into ice water and extracted well with chloroform. The extract was dried (Na 2 SO 4 ) and column chromatographed to yield the pure compound. The
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